Abstract. Gastric cancer is the fourth most common cancer and the second most frequent cause of cancer-associated mortality in the world. Previous studies have revealed that expression levels of microRNAs (miRNAs) are associated with the initiation and progression of several types of cancer, including gastric cancer. Previous studies have demonstrated that the abnormal expression of miRNA-136 may serve a function in the progression of several types of human cancer. However, the expression pattern of miR-136, its functions and underlying molecular mechanisms in gastric cancer remain unresolved. In the present study, it was revealed that the expression of miR-136 was aberrantly up regulated in gastric cancer tissues and cell lines. The suppression of miR-136 was able to inhibit proliferation and invasion in gastric cancer cell lines. Furthermore, phosphatase and tensin homolog (PTEN) was identified as a direct target gene of miR-136 in gastric cancer. PTEN was under expressed in gastric cancer tissues compared with non-tumor gastric tissues, and PTEN expression was negatively correlated with miR-136 expression. Furthermore, PTEN overexpression mimics the effects of miR-136 knockdown on gastric cancer cells. Additionally, miR-136 under expression decreased phospho-(p) AKT expression, but did not affect AKT expression in gastric cancer cells. In conclusion, the data of the present study suggest that miR-136 acts as an oncogene in gastric cancer via regulation of the PTEN/AKT/p-AKT signaling pathway and may potentially serve as a novel therapeutic target for the treatment of gastric cancer.
Introduction
Gastric cancer is the fourth most common cancer (following lung cancer, breast cancer and colorectal cancer) and the second most frequent cause (following lung cancer) of cancer-associated mortality globally (1) . It is estimated that there are ~850,000 newly diagnosed cases and 650,000 mortalities per year worldwide (2) . Previous studies have demonstrated that multiple pathogenic factors contribute to the formation and progression of gastric cancer, including environmental factors, diet, infections and host genes, particularly the abnormal expression of oncogenes or tumor-suppressor genes (3, 4) . Despite developments in surgery, chemotherapy and radiation therapy, the prognosis of gastric cancer at advanced stages remains unsatisfactory, primarily due to tumor recurrence, local invasion and metastasis (5) . The 5-year survival rate of patients with gastric cancer is <10% (6) . Understanding the molecular mechanisms underlying the regulation of gastric cancer occurrence and development is necessary in order to identify novel and effective therapeutic methods to improve treatment outcome. microRNAs (miRNAs) are small, endogenousnon-coding RNAs, which are between 19 and 22 bases in length (7) . These oligonucleotides negatively regulate gene expression through perfect or imperfect base pairing with the 3'-untranslated regions (UTRs) of target genes thereby inducing degradation or translational repression of the target genes (8) . Previously, miRNAs have been demonstrated to be functionally involved in the regulation of a series of physiological and pathological processes, including cell proliferation, apoptosis, differentiation and invasion (9) . Alterations in the expression of miRNAs have been widely reported in almost all types of cancer, including hepatocellular carcinoma (10), cervical (11) , thyroid (12) , colorectal (13) and gastric cancer (14) . Previous studies have demonstrated that expression levels of miRNAs are associated with cancer initiation and progression (15) (16) (17) . The abnormal expression of miRNAs may suggest oncogenic or tumor suppressive functions of miRNAs in cancer, dependent on the tumor type and the target genes of the miRNA (18) . Therefore, further studies on the regulatory mechanisms of miRNAs in cancer may provide an improved understanding of the oncogenes is network and potential therapeutic targets for cancer treatment.
Previous studies have reported that the abnormal expression of miR-136 has important roles in the progression of several types of human cancer (19) (20) (21) (22) . To the best of our knowledge, the expression pattern, precise function and underlying molecular mechanisms of miR-136 have not been resolved in gastric cancer thus far. In the present study, the expression, biological functions and underlying molecular mechanisms of miR-136 in gastric cancer were investigated. Transfection. miR-136 inhibitor and negative control inhibitor (NC inhibitor) were synthesized by Shanghai GenePharma Co., Ltd., (Shanghai, China). Phosphatase and tensin homolog deleted on chromosome ten (PTEN) overexpression plasmid (pCDNA3.1-PTEN) and empty plasmid (pCDNA3.1) were obtained from Chinese Academy of Sciences (Changchun, China). MGC-803 and SGC-7901 cells were collected and seeded in six-well plates. Transfection was performed when the cell density reached between 30-50% confluence. Gastric cancer cells were transiently transfected with miR-136 inhibitor, NC inhibitor, pCDNA3.1-PTEN or pCDNA3.1 using Lipofectamine 2000 ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following 48 h of transfection, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to determine transfection efficiency. Cell proliferation and Transwell cell invasion assays were conducted at 24 and 48 h post-transfection. Western blot analysis was performed at 72 h following transfection.
Materials and methods
RNA preparation and RT-qPCR. Total RNA was extracted from the tissue samples and cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) as per the manufacturer's protocol. The concentration and purity of total RNA was examined using a Nanodrop 2000 (Thermo Fisher Scientific, Inc.). To determine the level of miR-136 expression, reverse transcription was performed using a TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was carried out on an ABI7500 Real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) using a TaqMan MicroRNA PCR kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) to detect the expression levels of miR-136. The cycling conditions were as follows: 50˚C for 2 min, 95˚C for 10 min, and then 40 cycles of denaturation at 95˚C for 15 sec; and annealing/extension at 60˚C for 60 sec. The expression level of miR-136 was normalized against the endogenous U6 small nuclear RNA (U6 snRNA). For quantification of PTEN mRNA, cDNA was synthesized using Moloney Murine Leukemia Virus Reverse Transcription system (Promega Corporation, Madison, WI, USA). qPCR was performed using SYBR Premix Ex Taq (TaKaRa Biotechnology Co., Ltd., Dalian, China), and the results were quantified using GAPDH as an internal reference. The cycling conditions for qPCR were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. The primers were designed as follows: miR-136, 5'-ACU CCA UUU GUU UUG AUG AUG GA-3' (forward) and 5'-UCC AUC AUC AAA ACA AAU GGA GU-3' (reverse); U6, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' (forward) and 5'-CGC TTC ACG AAT TTG CGT GTC AT-3' (reverse); PTEN, 5'-TGG CGG AAC TTG CAA TCC TCA GT-3' (forward) and 5'-TCC CGT CGT GTG GGT CCT GA-3' (reverse); and GAPDH, 5'-GCC TTC CGT GTC CCC ACT GC-3' (forward) and 5'-CAA TGC CAG CCC CAG CGT CA-3' (reverse). Relative gene expression was calculated using the 2 -ΔΔCq method (23) .
Cell proliferation assay. Cell proliferation was assessed at day 1, 2 and 3 using Cell Counting Kit-8 assay (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). At 24 h post-transfection, the transfected cells were harvested, seeded in 96-well plates (3x10 3 cells/well) and incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . At 1, 2 and 3 days 10 µl CCK-8 solution was added to each well, and the cells were incubated at 37˚C for an additional 2 h. The absorbance at 450 nm was detected on a micro plate reader (Model 550; Bio-Rad Laboratories, Inc., Hercules, CA, USA). Each assay was performed in triplicate.
Transwell cell invasion assay. Cell invasion was assayed using Transwell chambers (pore size, 8 µm; EMD Millipore, Billerica, MA, USA) coated with 30 µl Matrigel (BD Biosciences, San Jose, CA, USA). At 48 h post-transfection, the transfected cells were harvested, and 5x10 4 cells per well were seeded in DMEM medium (600 µl) containing 20% FBS was added to the lower Transwell chamber. After incubating for 48 h, non-invaded cells were removed with cotton swabs. The cells from the lower chamber were fixed with 100% methanol at room temperature for 15 min and then stained with 0.5% crystal violet at room temperature for 15 min. The images of the cells were captured, and the cells were counted using an inverted microscope (Olympus, Tokyo, Japan) at x200 magnification. Each assay was performed in triplicate and repeated 3 times.
Bioinformatic analysis. The potential target genes of miR-136 were analyzed using microRNA (www.microrna .org/microrna/home.do) and TargetScan (www.targetscan.org) databases.
Luciferase reporter assay. For the luciferase reporter assay, luciferase reporter plasmids, including pGL3-PTEN-3'UTR wild-type (WT) and pGL3-PTEN-3'UTR with mutated 3'UTR (Mut), were synthesized by Shanghai GenePharma Co., Ltd. 293T cells were collected and seeded in 24-well plates. Transfection was performed when cells reached between 30-50% confluence. 293T cells were transfected with miR-136 inhibitor, NC inhibitor, and pGL3-PTEN-3'UTR Wt or pGL3-PTEN-3'UTR Mut, using Lipofectamine 2000 reagents. After incubation for 48 h, the transfected cells were harvested, washed with PBS and then luciferase activity was determined using the Dual-Luciferase Reporter Assay system (Promega Corporation), according to the manufacturer's protocol. Each assay was performed in triplicate and replicated three times.
Protein extraction and western blot analysis. For western blot analysis, the proteins were isolated using radioimmunoprecipitation assay lysis buffer (50 mM Tris-HCl, pH 8.0; 10 mM NaCl; 1 mM DTT; 2 mM EDTA; 1 mM phenylmethylsulfonylfluoride; 5 mg/ml leupeptin; 2 mg/ml aprotinin; 2 mg/ml pepstatin; 1% NP-40 and 0.1% SDS). The concentration of protein was examined using a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology, Haimen, China), according to the manufacturer's protocol. Equal quantities of protein (30 µg) were separated using SDS-PAGE (10% gel) and then transferred onto polyvinylidene difluoride membranes (EMD Millipore). The membranes were blocked with 5% skimmed milk in Tris-buffered saline with Tween-20 (TBST) at room temperature for 1 h and incubated overnight at 4˚C with primary antibodies for detection of PTEN (1:1,000; catalog no. sc-7974; Santa Cruz Biotechnology, CA, US), AKT (1:1,000; catalog no. sc-8312; Santa Cruz Biotechnology), phospho-(p)-AKT (1:1,000; catalog no. sc-514032; Santa Cruz Biotechnology)and GAPDH (1:1,000; catalog no. sc-166574; Santa Cruz Biotechnology). Following washing four times with TBST, the membranes were further incubated with a corresponding horseradish peroxidase-conjugated secondary antibody (1:5,000; cat. no. sc-2004 for AKT and sc-2005 for PTEN, p-AKT, GAPDH; Santa-Cruz Biotechnology) at room temperature for 2 h. Finally, the immunoreactive bands were visualized using an Enhanced Chemiluminescence Immunoblot Detection system (Pierce Biotechnology, Inc., Rockford, IL, USA) and analyzed using Quantity One software (version 4.62; Bio-Rad Laboratories, Inc.). The relative protein expression was normalized to GAPDH expression.
Statistical analysis. The data are expressed as the mean ± standard deviation or presented as box plots. Statistical analysis was performed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL). The difference between the groups was compared with Student's t-test or a one-way analysis of variance with a Student-Newman-Keulspost-hoc test. Spearman's correlation analysis was used to evaluate the correlation between miR-136 and PTEN mRNA expression in gastric cancer tissues. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression level of miR-136 in clinical gastric cancer tissues and cell lines.
To determine the expression pattern of miR-136 in gastric cancer, miR-136 expression in gastric cancer tissues and adjacent non-tumorous gastric mucosae tissues was detected using RT-qPCR. The results revealed that miR-136 was up regulated in gastric cancer tissues compared with adjacent non-tumorous gastric mucosae tissues (P<0.05; Fig. 1A) . Additionally, miR-136 expression was evaluated in four gastric cancer cell lines and normal human gastric epithelial GES-1 cells. As presented in Fig. 1B , the expression levels of miR-136 was increased in the gastric cancer cell lines compared with GES-1 cells (P<0.05).
miR-136 under expression inhibits proliferation and invasion of gastric cancer cells.
Given the up regulation of miR-136 in gastric cancer, it was hypothesized that miR-136 may act as an oncogene in gastric cancer. To confirm this, miR-136 inhibitor was introduced into MGC-803 and SGC-7901 cells, and the transfection efficiency was assessed using RT-qPCR (P<0.05; Fig. 2A ). The proliferation of transfected cells was determined using CCK-8 method. As presented in Fig. 2B was used to investigate the effect of miR-136 under expression on gastric cancer cell invasion. The downregulation of miR-136 suppressed the invasion of MGC-803 and SGC-7901 cells compared with the NC inhibitor group (P<0.05; Fig. 2C ). These results indicated that miR-136 may act as an oncogene in gastric cancer.
miR-136 directly targets and regulates PTEN expression in gastric cancer.
The potentialtarget gene of miR-136 in gastric cancer was investigated. Bioinformatic analysis was used to predict potential target genes of miR-136. Among the potential candidates, PTEN was selected as the focus of the present study (Fig. 3A) . A low expression of PTEN was previously demonstrated that in gastric cancer tissues, and PTEN expression was associated with the formation and progression of gastric cancer (24) (25) (26) (27) . A luciferase reporter assay was performed to evaluate whether PTEN is a direct target gene of miR-136. 293T cells were co-transfected with miR-136 inhibitor or NC inhibitor, and pGL3-PTEN-3'UTR Wt or pGL3-PTEN-3'UTR Mut, followed by determination of luciferase activity. As presented in Fig. 3B , miR-136 under expression increased the luciferase activity of pGL3-PTEN-3'UTR Wt compared with that in cells co-transfected with pGL3-PTEN-3'UTR Wt and NC inhibitor( Fig. 3B ; P<0.05), whereas there was no alteration in luciferase activity in cells that were transfected with pGL3-PTEN-3'UTR Mut and miR-136 inhibitor compared with that in cells co-transfected with NC inhibitor.
To further investigate the association between miR-136 and PTEN, RT-qPCR and western blotting were utilized to analyze PTEN mRNA and protein expression in MGC-803 and SGC-7901 cells that were treated with miR-136 inhibitor or NC inhibitor. The results indicated that PTEN mRNA (P<0.05; Fig. 3C ) and protein (P<0.05; Fig. 3D ) expression were markedly up regulated in MGC-803 and SGC-7901 cells that were transfected with miR-136 inhibitor compared with cells that were transfected with NC inhibitor. Furthermore, the PTEN mRNA expression in gastric cancer tissues was investigated and its possible correlation with miR-136 expression was evaluated. As presented in Fig. 3E and F, PTEN mRNA was markedly downregulated in gastric cancer tissues compared with non-tumor tissues (P<0.05), and an inverse correlation between PTEN mRNA expression and miR-136 expression in gastric cancer tissues was detected (r=-0.6035, P=0.0011). These data support the hypothesis that miR-136 directly targets and regulates PTEN expression in gastric cancer.
PTEN overexpression mimics the effects of miR-136 under expression on proliferation and invasion gastric cancer cells.
To confirm whether miR-136-dependent oncogenic effects on the biological behaviors of gastric cancer cells were mediated by PTEN, the functions of PTEN in gastric cancer were investigated. pCDNA3.1-PTEN was utilized to increase PTEN expression in MGC-803 and SGC-7901 cells. Western blotting revealed that PTEN was markedly up regulated in MGC-803 and SGC-7901 cells following transfection with pCDNA3.1-PTEN compared with cells transfected with pCDNA3 (P<0.05; Fig. 4A ). As presented in Fig. 4B and C, the up regulation of PTEN was able to inhibit cell proliferation (P<0.05) and invasion (P<0.05) in MGC-803 and SGC-7901 cells, which is similar to the effects of miR-136 inhibitor (Fig. 2B) . These results further demonstrated thatmiR-136knockdown was able to inhibit cell proliferation and invasion in gastric cancer by targeting PTEN. (Fig. 5) . These results suggested that miR-136 is an onco-miRNA that exerts its phenotypic effects partly through the PTEN/AKT/p-AKT signaling pathway in gastric cancer. 
miR-136 is involved in the PTEN
Discussion
miRNAs, a new group of regulatory molecules, have been reported to be abnormally expressed in various types of human cancer and associated with the pathogenesis of tumorigenesis and tumor development (28, 29) . Therefore, it is of great value to investigate the function of miRNAs in gastric cancer formation and progression, and to examine the underlying molecular mechanisms of their involvement. In the present study, it was revealed that miR-136 was up regulated in gastric cancer tissues and cell lines compared with adjacent non-tumorous gastric mucosae tissues and normal human gastric epithelial GES-1 cells. Importantly, the silencing of miR-136 was able to suppress the proliferation and invasion of gastric cancer cells in vitro. Furthermore, it was indicated that the effects of miR-136 under expression in gastric cancer were mediated through the PTEN/AKT/p-AKT signaling pathway. To the best of our knowledge, the present study is the first to investigate the expression, functions and mechanisms of miR-136 in gastric cancer, and also the first study to identify PTEN as a direct and functional target of miR-136.
The deregulation of miR-136 is observed in multiple types of human cancer, suggesting that miR-136 may serve a function in carcinogenesis and progression. For example, Yan et al (19) reported that miR-136 was under expressed in triple-negative breast cancer and negatively associated with the World Health Organization tumor grades (30) . Ectopic expression of miR-136 suppressed migration, invasion and epithelial-to-mesenchymal transition in breast cancer cells (19) . A study by Zhao et al (31) identified that miR-136 expression level was decreased in patients with primary platinum-resistant ovarian cancer tissues compared with that in platinum-sensitive ovarian cancer tissues. Additionally, miR-136 was identified as a tumor suppressor and miR-136 under expression in ovarian cancer improved chemo resistance partly via the inhibition of apoptosis and promotion of the repair of cisplatin-induced DNA damage (31). Yang et al (20) revealed that miR-136 was downregulated in glioma tissues. The up regulation of miR-136 promoted apoptosis in glioma cells. These findings suggested that miR-136 serves tumor suppressive functions in these types of cancer. Conversely, in non-small cell lung cancer, miR-136 was up regulated and markedly associated with tumor type and differentiation (22) . The downregulation of miR-136 expression repressed anchorage-dependent and anchorage-independent proliferation in non-small cell lung cancer (22) . These studies draw conflicting conclusions that miR-136 may act as an oncogene in certain types of cancer and tumor suppressor in others. These differences in the function of miR-136 may be explained by the imperfect complementarity of the interactions between miRNAs and target genes (32) .
The molecular mechanism by which miR-136 acts as an oncogene in gastric cancer was also studied. Previous studies have validated several targets of miR-136, including RAS protein activator like 2 in breast cancer (19) , E2F transcription factor 1, metadherin and B-cell lymphoma 2 in glioma (20, 21) and protein phosphatase 2 regulatory subunit B-α in lung cancer (22) . Bioinformatic analysis was performed and PTEN was identified as a potential target of miR-136. A subsequent luciferase reporter assay revealed that miR-136 under expression increased the luciferase activity controlled by the wild-type PTEN 3'UTR construct. However, this effect was diminished when the 3'UTR of the PTEN sequence was mutated. Additionally, the knockdown of miR-136 increased PTEN mRNA and protein levels, and decreased p-AKT protein expression in gastric cancer cells. Furthermore, PTEN mRNA was downregulated in gastric cancer tissues and inversely correlated with miR-136 expression. Moreover, it was revealed that the restoration of PTEN expression was able to mimic proliferation and invasion-suppressive effects induced by miR-136 suppression in gastric cancer cells. Collectively, these results demonstrated that miR-136 may partially exert its phenotypic effects through the PTEN/AKT/p-AKT signaling pathway in gastric cancer.
PTEN is one of the most common tumor suppressors and is frequently demonstrated to be decreased or mutated in numerous types of cancer, including cervical cancer (33), colorectal cancer (34), glioma (35) , bladder cancer (36) and prostate cancer (37) . It has been well established that PTEN may serve functions in a number of biological processes, including cell proliferation, the cell cycle, apoptosis, migration, invasion, metastasis, metabolism, differentiation, transcription and translation through negative regulation of the PI3K/AKT signaling pathway (38) (39) (40) (41) (42) . Li et al (24) reported that in gastric cancer, PTEN expression is low in tumor tissues and was associated with advanced clinical stage and poor prognosis of patients with gastric cancer. Zheng et al (43) identified that decreased PTEN expression was significantly associated with depth of invasion, lymphatic invasion, lymph node metastasis, liver metastasis and Union Internationale Contre le Cancer staging of gastric cancer (44) . Functional experiments indicated tumor suppressive functions for PTEN in cell apoptosis, cell cycle arrest, proliferation, invasion and metastasis in gastric cancer cells (25) (26) (27) . Consistent with previous data, the present study confirmed the low expression of PTEN in gastric cancer tissues compared with non-tumor gastric tissuesand identified the tumor suppressive functions of PTEN during gastric cancer progression. Therefore, PTEN is a potential target for anti-cancer therapy.
In conclusion, the present study revealed that miR-136 exhibits high expression in gastric cancer tissues and cell lines. Suppression of miR-136 may be able to inhibit proliferation and invasion of gastric cancercellvia the regulation of the PTEN/AKT/p-AKT signaling pathway. The present study may provide a novel target for the treatment of gastric cancer.
